The aim of the study was to evaluate the effect of an inulin source (aqueous or aqueous-alcoholic extract, dried chicory root, or dried Jerusalem artichoke tubers) on piglet performance, plasma lipid profile, and immunoglobulin concentration. The study was conducted on 534 piglets (44 litters) allocated to five nutritional groups: group I (control) -fed basal diet, groups II and III receiving basal diet supplemented with 2% of inulin (aqueous and aqueous-alcoholic extract respectively), and groups IV and V -4% additive of dried artichoke or dried chicory respectively. During the trial, piglets' body weight, feed intake, diarrhoea incidence, and mortality were controlled. Blood samples were collected twice from six animals of each group. In blood plasma, indices of lipid profile and concentrations of IgA, IgG and IgM were measured. The addition of inulin, regardless of its form (extracts or dried plants), significantly improved the rearing indices. In piglets of groups III, IV and V a significant improvement of daily weight gains and feed efficiency was noted. Inulin showed hypolipidemic activity (lowered total cholesterol level) and stimulated piglet immune system manifested by elevated IgA and IgG concentrations. Irrespective of the inulin source, a lower mortality rate resulting from the improvement of animal health was noted in all experimental groups.
Introduction
Inulin is one of fructans naturally occurring in many plants, mostly extracted from chicory root (Cichorium intybus) or Jerusalem artichoke (Helianthus tuberosus). It is composed of oligo-and polysaccharides, which give inulin its unique prebiotic properties (19) . Notably, thanks to β-(2-1) glycosidic bonds, inulin is resistant to digestive enzymes of the small intestine in monogastric animals. Through the bacterial fermentation process, inulin stimulates the growth of health-promoting bacteria and at the same time, suppresses potentially pathogenic microorganism growth in the distal portion of the gastrointestinal tract (27) . The microflora produces a number of nutraceutical compounds like organic acids, hydrogen peroxide, acidolin, acidolphilin, reuterin, lysozyme, lactoferrin, lactoperoxidase, as well as bacteriocins such as lactocidine or lactocin, which exhibit immunomodulatory and antimicrobial potential (4, 5) .
Inulin promotes the growth of lactic acid bacteria and thus exerts an indirect beneficial effect on the host immune system through, among others, production of cytokines, mononuclear cells, and phagocytising macrophages. Besides, inulin contributes to the induction of immunoglobulin synthesis, especially IgA (16, 26) . Inulin fructooligosaccharides induce proliferation of beneficial microflora (Bifiobacterium and Lactobacteriaceae), which as probiotic bacteria improve animal rearing performance (1, 4) . It is pivotal at the post-weaning period characterized with high incidence of diarrhoea leading to death of piglets. Prevention of post-weaning digestive disorders, including feed additive introduction, can increase rearing efficiency.
The objective of the research was to assess the effect of inulin additive given as aqueous or aqueousalcoholic extract, or dried artichoke or chicory on piglet production efficiency and some blood biochemical parameters.
Material and Methods
Animals and study protocol. All experimental procedures were approved by the Local Ethical Committee of the Faculty of Biology and Animal Breeding at the University of Life Sciences in Lublin.
Five hundred and thirty four piglets (94, 96, 100, 120 and 124 in groups I, II, III, IV and V respectively) of PIC hybrid line sows mated by Penarlan P76 boars were used in the trial. Depending of the inulin source, the piglets were assigned into five groups: control group (I) fed basal diet and four experimental groups supplemented with 20 g of aqueous (group II) or aqueous-alcoholic (group III) extracts of inulin as well as dried artichoke tubers (group IV) or dried chicory root (group V) in amount of 40 g kg -1 of complete feed. Inulin was extracted from chicory root according to the modified method of Stahl and Schild (21) and the substrate was treated with water only (aqueous extract) or in 70:30 water to ethyl alcohol ratio solution (aqueous-alcoholic extract). The experimental diets (Table 1) were introduced upon the onset of supplementary feeding of animals (about 10 -12 d of life) until 84 d. The feeds and water were provided ad libitum. Animal body weight, feed intake, diarrhoea incidence and mortality rate were controlled on days 10, 28, 49, and 84 of piglets' life.
Blood samples. Blood samples were collected from six animals of each group twice: at weaning (28 d) and after the rearing period completion (84 d). In blood plasma, the content of total cholesterol (CHOL), triacylglycerols (TG), and HDL cholesterol fraction (HDL-Chol) was measured by colorimetric methods using Biomaxima monotests. The low density lipoprotein (LDL-Chol) was calculated using Friedewald (7) formula:
LDL-Chol (mmol L -1 ) = Total cholesterol -HDLChol -triacylglycerols /2.2.
The level of IgG, IgA, and IgM was also measured using the ELISA method (Bethyl Laboratories Inc.). The obtained numerical data were analysed with analysis of variance (ANOVA), while significance of differences between the average values of the analysed traits was determined with Tukey's test for unequal sample sizes. 
Results
Regardless of the inulin source, animal survival rate in all experimental groups was higher than that in the control group (P ≤ 0.05). The number of piglets in litters, from the gilts assigned to each group, ranged from 11.8 (group I) up to 12.5 (group III) ( Table 2 ). The lowest pre-weaning death losses were noted in group II receiving inulin aqueous extract, while interestingly, the post-weaning mortality rate of piglets was the highest in this group and control group. Throughout the entire observation period (till 84 d of life), the lowest death rates were recorded in groups II and III where diets were supplemented with inulin extracts, whereas the greatest in group I (P ≤ 0.05). Dietary inclusion of inulin during the rearing period reduced piglet mortality by even 11 percentage points (group III). Piglet deaths were primarily caused by overlaying (crushing), low viability (low body weight at birth), and diarrhoea. Significant differences were also noted in frequency and severity of diarrhoea. The groups receiving a mixture comprising inulin additive had lower death loss rate related to digestive disorders and, importantly, diarrhoea duration periods were shorter (2-3 d) as compared to the control group (4-5 d).
The highest weight gains during 10 -84 d of life were observed in piglets receiving an additive of Jerusalem artichoke (group IV) or chicory root (group V), as well as aqueous-alcoholic extracted inulin (group III). Dietary inclusion of powdered ingredient, especially chicory root, has enhanced animal appetite. Although no statistically significant differences in feed conversion throughout the study period were noted, the effect of the introduced feed supplements was noticeable during the critical pre-weaning time (10 -28 d of life) and late rearing period (50 -84 d of life). The lowest feed consumption was recorded in groups III and IV, where the animals were fed diet comprising aqueous-alcoholic extract of inulin or dried artichoke (Table 2 ).
In the late rearing period (84 d of life), a decrease in total cholesterol level (P ≤ 0.05) was noted in blood plasma of the animals supplemented with dried plants (group IV and V) and aqueous-alcoholic extract of inulin (group III) ( Table 3 ). In the all experimental groups, a lower LDL cholesterol content was observed as compared to the control group, which also contributed to higher share of HDL fraction in total cholesterol ( Table 3) .
The investigated feed additives did not have significant impact on concentration of immunoglobulin M (Table 4) . Though, IgA concentration tended to elevate on the weaning day, whereas significant differences on 84 rearing day in groups II and III were observed as compared with the control. Besides, significant differences were also reported in IgG concentration. The lowest IgG content was recorded in the control group at weaning and final period of experiment (P ≤ 0.05). 
Discussion
The present research results showed that inulin addition has positively affected overall animal productivity. Lower death loss rate related to digestive disorders and shorter diarrhoea duration periods in groups receiving inulin, irrespective of its source, as compared to the control group, indicate the stabilising effect of inulin, as a prebiotic, on piglets intestinal microflora population and digestive tract functioning, thus consequently improves production efficiency. The piglets fed a diet with inulin from aqueousalcoholic extraction (group III) and dried Jerusalem artichoke (group IV), or chicory root (group V) showed substantially higher daily body weight gains (P ≤ 0.05) throughout the rearing period until 84 d of life. Interestingly, immediately after weaning, lower weight gains were recorded in the same groups comparing to the control. It corresponds with a considerable increase in mortality rate and decreased feed intake observed in these groups. However, this period was greatly compensated by the faster growth in the late fattening, which finally improved overall rearing efficiency. Similarly, He et al. (10) , in their study on 180 piglets proved that feeding diets supplemented with inulin (added to feed or water) increased daily weight gains of the animals. Alike, Kjos et al. (13) highlighted a significant increase in daily weight gains at the early and late fattening period with increasing inulin content in diet. Abe et al. (1) also reported improved performance parameters in piglet rearing (low diarrhoea incidence and mortality rate) when diets were supplemented with Bifidobacterium pseudolongum or Lactobacillus acidophilus, which growth was stimulated by prebiotics, including inulin. Whereas, other studies conducted on piglets showed slightly better weight gains recorded only in the first 14 study days (6). Summart et al. (22) incorporated Jerusalem artichoke additive into 21-day-old piglet diet for five weeks and obtained higher ADGs but the differences were not statistically significant.
A significantly better feed conversion rates, especially at the time when piglets stayed with sows (10-28 d) and at late rearing period (50-84 d), were noted in groups III, IV, and V with dietary inclusion of inulin from aqueous-alcoholic extraction, dried artichoke, or chicory root, respectively. Similarly, the studies of other authors (6, 11, 13 ) demonstrated more efficient feed conversion after inulin introduction into animal feed.
Numerous studies on human and animals showed dietary fructans to have hypolipidemic properties manifested by lowered plasma total cholesterol and triacylglycerol content (2, 14, 23, 24) . These properties may result from a declined absorption of nutrients, enhanced excretion of bile acids, or boosted propionic acid production by gastrointestinal tract microorganisms (3) . Biochemical values obtained in the present study, were mostly within the reference range (8, 25) . A downward trend in total cholesterol and triacylglycerol content in blood plasma of animals fed diet supplemented with inulin along with noticeable higher share of HDL cholesterol fraction as compared with the control group was noted (Table 3) . Considering the cholesterol/HDL and percentage of HDL parameters, the animals receiving a mixture with dried chicory root additive (group V) had the most desirable parameters of blood lipid profile. Kim and Shin (12) , in their research on rats fed chicory root extract (1% and 5%) or inulin (5%) as dietary supplement, demonstrated beneficial effect of the additives on blood lipid profile. Liong et al. (15) also observed lower total cholesterol content following the implementation of synbiotic comprising inulin and probiotic bacteria into pig diets.
Promotion of beneficial bacteria growth and inhibitory activity against pathogens indicate immunostimulatory properties of prebiotics, including inulin (17, 20) . Prebiotics may have direct or indirect effect on some immune mechanisms in animals and thus improve animal health and performance. They can directly improve health status through stimulation of the activity of phagocytic cells as well as nonspecific humoral immunity mechanisms. The studies of other authors (9, 16, 18, 26) showed that prebiotic supplementation, including inulin, enhances synthesis and secretory activity of IgA in the gastrointestinal tract. The present research included the analysis of the concentration of immunoglobulins class A, G, and M in piglet blood plasma. The elevated IgA concentration in the late rearing period (P < 0.05) was found in groups II and III receiving inulin extract, irrespective of the method of its extraction. In all groups with dietary inulin supplementation, a higher concentration of IgG was noted as compared to control group; however, the highest IgG level was observed in groups with inulin extract additive (groups II and III) as compared to those fed dried products (groups IV and V).
Summing up, inulin as feed supplement, regardless of its source (extracts or dried inulingenerating plants), has clearly improved animal rearing indices. The piglets fed a diet containing inulin from aqueous-alcoholic extraction as well as dried Jerusalem artichoke or chicory showed substantially improved daily weight gains and better feed conversion. Irrespective of the inulin source, piglets' survival rate was higher in all experimental groups. Inulin shows hypolipidemic activity (lowered total cholesterol level) and stimulates piglet systemic immune system as it was manifested by elevated IgA and IgG concentrations.
